Context. The need for children's palliative care (CPC) globally is unknown. To understand the scope of the need and to advocate to meet it, more accurate estimates are needed.
Introduction
There is growing awareness that there are major gaps in access to children's palliative care (CPC) worldwide. For this article, we use the term children to refer to neonates, infants, children, and adolescents. Adults have a greater likelihood of receiving palliative care than children. 1 Growing access to treatment services and extended periods of wellness have led to some changes in the nature of the palliative care services required. 2 Children are more resilient and more likely to require CPC for longer periods than adults. Most global child health efforts are directed to reduction in mortality, and little attention has been paid to the need for CPC.
It is against this background that United Nations Children's Fund (UNICEF) and the International Children's Palliative Care Network (ICPCN), in collaboration with national palliative care associations, began a joint analysis to develop methods to assess critical needs and gaps in CPC. The initial assessment, conducted in Kenya, South Africa, and Zimbabwe, aimed to analyze existing secondary data on palliative care to estimate the palliative care need among children and explore key gaps in the response with service providers. A report on this research, the methods used and the results for South Africa, was published in 2014. 3 There is a lack of information regarding the actual need for palliative care for children, and assessment is complex, because of uncertainty about the patient population and the nature of palliative care for children. 4 Although there have been some studies focusing on the status of CPC in sub-Saharan Africa, the U.S., 5 and the U.K., 6 there are differences in the scope and approach to the present study. A systematic review of the provision of CPC around the world noted that more than 65% of countries have no recognized CPC service provision and concluded that service provision for CPC is not meeting the need in the majority of the world. 7 Generally, studies estimating need for palliative care for adults and children are based on mortality statistics for chronic, incurable illnesses. Estimates focused on end-of-life care, as in the Global Atlas of Palliative Care at the End of Life, 8 do not account for the children who need palliative care well before the last year of life and underestimate the need. The unmet need for palliative care for both adults and children is significant. More than 40 million patients need palliative care annually, 20 million at the end of life. Seventy-five percent of the world population live in countries that have no or very limited access to controlled substances for pain relief and almost 80% of the need for palliative care is in low-and middle-income countries. 8 The World Health Organization (WHO) defines palliative care for children as a special, albeit closely related field to adult palliative care. 9 In an effort to define the many diseases and conditions requiring CPC in the U.K., a directory was published in 2013 with 376 potential diagnostic labels, although the majority of deaths were from a small number. 10 The objectives of this study were to:
1. Refine the methodology used in our previous study to improve the estimation process to permit an accurate global estimate 2. Estimate the worldwide need for CPC based on a representative sample of countries from all regions of the world and all World Bank income groups.
This article is organized and reported according to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement.
Methods

Study Design
The study used a cross-sectional design with a focus on estimating the need for CPC at the national level in a sample of countries. Country-level prevalence data were used from secondary data sources. Assessment of the need for CPC was based on estimation techniques using the prevalence and mortality of specific conditions known to require CPC according to the WHO. 8 Prevalence was modified to eliminate sequela that would not require palliative care, as determined by a panel of CPC experts and consistent with methods agreed by UNICEF in our previous study. 3 We developed the global estimate by creating a representative sampling frame of countries representing all World Bank Income Groups and WHO regions approximating the average Human Development Index (HDI).
Setting
This study was conducted from June 2014 to May 2015. The work was done by desk research by the principal investigator with regular review and discussion with the co-principal investigators and with our clinical experts in CPC.
Participants
This study used a definition of ''children,'' which included neonates, infants, children, and adolescents from birth through 19 years of age.
CPC in this study refers to the delivery of generalist or specialized palliative care services, which may or may not be delivered by health professionals qualified as specialists in CPC.
Variables
The development of the list of diagnostic groups that needed CPC was a logical starting point in this study. This list ( Table 1 ) was initially determined using experts in CPC based on the ACT/Together for Short Lives four-category scheme 11 but was modified in discussions with WHO Department of Health Statistics and Informatics. The assumptions applied here were those agreed to for the development of the Global Atlas. 8 Although the emphasis was on prevalence, for several diagnostic groups, mortality was used in place of prevalence for example meningitis, protein energy malnutrition, Drug-resistant-TB, and neurologic conditions. This was because of the fact that four of these conditions were potentially reversible, and there was also a high degree of suffering. In neurologic conditions, the data indicated that mortality was actually higher than prevalence, thus providing a more accurate statistic. Because not all those within a prevalent condition would need palliative care at a given point in time, symptom burden was used, especially pain, as an indicator for palliative care. Pain in progressive nonmalignant conditions is reported to occur at an average rate of 67%, 12 for HIV/AIDS 55%, and 80% for cancer. 8 These rates were used as the adjustment factors for symptom burden in this study to be consistent with methods used in the Global Atlas. Furthermore, based on expert medical opinion, specific sequela not consistent with life-threatening or lifelimiting conditions were eliminated. 8 These adjustments are outlined subsequently.
Not all infants, children, and adolescents will need access to specialist palliative care; for many, an integrated approach by primary health providers should be adequate to meet their needs, although children with more complex symptoms need more specialized palliative care. Available data and published evidence vary with regard to the percentage of children and adults needing specialized palliative care, depending on the setting and available health care resources. In high-income countries (e.g., the U.K. or Germany), it may be lower, whereas in low-and middle-income countries it may be much higher. For this study, the estimated need for specialized services has been taken as 37.5%, which comes from recommendations from Australia where much work has been carried out on population-based palliative care needs. 13 
Data Sources/Measurement
Data sources were used to determine the need for CPC included: All data sources used 2010 as the index year including IHME, UN population data, UNAIDS, and WHO. These were the most recently available data at the time this study was conducted.
Bias
The study relied on quantitative data from the WHO and from the IHME repository used by scientists worldwide to create global burden of disease estimates; thus, biases in the data had already been addressed to the extent that they could.
Study Size
We determined study size using the disease categories previously described.
Quantitative variables
See variables section.
Statistical Methods
This was an analysis of secondary data. Data on need for CPC were analyzed in Microsoft Excel. IHME provided excel files for all the requested conditions. Those sheets included each diagnosis for each country with sequela for each diagnosis and an age breakdown as follows: zero to six days, seven to 27 days, 28e364 days, one to four years, five to nine years, 10e14 years, and 15e19 years. Totals were generated for each condition by country and entered into the summary tables where adjustments ( Table 2) were made. A stratified sample of countries was created using the following variables:
World Bank Income Groupdfour groups (low, low middle, high middle, and high) WHO regiondall six regions included HDIdglobal average. All data were from reliable secondary sources. In creation of the sampling frame, the following statistical analyses were performed:
We included countries that together would approximate the average HDI globally. HDI was used as one method of assuring that the population sample was consistent with the world population. We compared the total population percentages of World Bank income groups to achieve relative parity in our sample by group. We ensured that countries from all six WHO regions were included.
We intended that our sample of countries should be greater than 50% of the world's population. The prevalence data used in this study were population-level data as such we were able to look at the prevalence for whole countries for the selected diagnoses. Many children with congenital heart anomalies die suddenly without symptom burden. The 50% figure is used to be consistent with assumptions used in the Atlas of Palliative Care. c WHO reports that for 35% of children who die, death occurs on the day of birth and do not consider most to need palliative care. We removed 25% of these cases, but 10% were retained to be consistent with the Global Atlas of Palliative Care Assumptions to account for children who we know will die shortly after birth.
Ethical Considerations
The study was reviewed by Salus IRB and determined to be exempt from review. A copy of the study protocol is housed on Clinicaltrials.gov (NCT02553148).
Results
Need for CPC More than 18.8 million infants, children, and adolescents were identified in the prevalence and mortality data for the 23 countries included in this analysis. This is equivalent to more than 31.6 million children worldwide when adjusted for total population. After adjustment to remove unqualified sequela and to account for symptom burden, more than 21 million children annually worldwide were found to need a palliative approach. Among these 21 million, an estimate of more than 8 million would require some degree of specialized CPC (see Table 3 ).
Descriptive Data
The infants, children, and adolescents included in this study all had one of the 12 diagnoses identified as needing CPC and were between 0 and 19 years of age. The average HDI score for the sampled countries was 0.703 compared with the global average of 0.682. For Outcome data, see Table 3 . Table 3 summarizes the results of the need estimation by country for both total need and specialized need for CPC. A global estimate is derived from these results that use the proportion of the world population in 2010 that needed CPC.
Main Results
Discussion
Key Results
We believe these results provide a likely minimum estimate of the need for CPC globally. Additionally, they permit further differentiation concerning the need for specialized CPC. To highlight the unmet need for palliative care, it is essential to have estimates of the extent of the need and the characteristics of the population in need. This study is the first to attempt to measure the global need for CPC for a majority of the world's population.
Limitations
A number of limitations should be noted in interpreting this research. First, there was reliance on secondary data because of the paucity of in-country data, which may either overestimate or underestimate disease prevalence and mortality. Second, the use of pain as a marker for palliative care need may underestimate need as there are many other troubling symptoms affecting children with these diagnoses. Third, the estimation of specialized need at 37.5% may not be the best estimate, especially in children, and needs further study. Fourth, the sample of countries came very close to accurately representing global population but may not be fully representational. The population of low-income countries in the sample is low. Finally, there are a number of conditions and diagnostic groups we saw as needing CPC that were excluded from the estimate because of limitations imposed by WHO in the clearance process for publication of the Global Atlas of Palliative Care at the End of Life. These included removal of 75% of children with neonatal encephalopathy because of birth trauma or asphyxia, all children with epilepsy, children with severe cerebral palsy, chronic lung disease, and those with severe injuries including those with severe burns and head injuries.
Interpretation
Children are different than adults, are more resilient, and tend to live with serious advanced illness longer than adults and, thus, may need palliative care for longer periods. A child may need palliative care for one day or for a decade or more, and on average, length of specialized CPC is about 40% longer than for adults (70 vs. 100 days). The rate of need was found to vary considerably from country to country and was highest in low-and middle-income countries, especially in Africa mainly because of high rates of HIV/AIDS. In general, the higher the country income and the higher its HDI, the lower the need for CPC. The one study that has shown a population rate of need for CPC found that rates for 0-to 19-year olds in the U.K. 6 per 10,000 increased from 25 to 32 from 2000 to 2010. This study used different methods than the present study and would indicate that our results (20.1/10,000 for the U.K.) are more conservative, at least for high-income countries.
Generalizability
Given that we studied almost 60% of the world's population, we believe that the results are generalizable and the estimates fairly reflect the minimum global need for CPC. However, it will still be useful to calculate the need for every country for advocacy and planning purposes.
Conclusion
The estimation of need for CPC is a critical step in meeting the needs of children with life-threatening conditions and is necessary to begin to advocate closure of the gap in coverage and further development of capacity. Much more work is needed to better understand which children need how much CPC at which points on the continuum of care and in which parts of the health care system. Further work on estimation of the need for CPC for all countries is essential as is assessment of the current capacity of countries to deliver CPC. These data are needed for policy makers, planners, and advocates to address this important unmet need and to inform and identify the scope of the need so that these children can receive the services they now lack.
Many barriers remain that will need to be overcome including denial of the extent of the problem and the reality that children die, resistance to provision of CPC and the essential medicines needed to relive suffering, and lack of education of health care providers, particularly in the primary health care system, to deliver CPC. CPC now is mainly delivered parallel to the existing health care system and needs to be integrated into the existing primary and pediatric specialty services to reach so many in need. Global institutions and those concerned with the health and welfare of children need to step up and contribute to closing this unacceptable gap in meeting the need for CPC.
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